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ABSTRACT
Introduction: Transcatheter arterial chemoem-
bolization (TACE) is the first-line treatment for
intermediate stage hepatocellular carcinoma
(HCC) and prolongs survival in HCC patients.
However, repeated TACE results in diminished
therapeutic response. In addition, the superior-
ity of sorafenib to TACE monotherapy or com-
bined therapy in patients with HCC is still
controversial. The prognosis of HCC has many
variables and, thus, the effect of a specific
treatment is difficult to evaluate. The frequency
of treatments per year (FT rate) used in this
study was obtained by dividing the total num-
ber of radiofrequency ablations and TACE or
transcatheter arterial infusion treatments by the
years of survival. The aim of this study was to
evaluate the overall survival (OS) of TACE versus
sorafenib using the FT rate.
Methods: We compared the OS of patients with
recurrence of HCC receiving repeated TACE
monotherapy (CON) with those receiving ther-
apy switched from TACE to sorafenib (SOR). In
addition, a one-to-one FT rate matching cohort
consisting of matched SOR (mSOR) and mat-
ched CON (mCON) was determined using the
propensity score matching method, and OS in
the cohort was evaluated. Factors influencing
survival were evaluated using Cox proportional
hazard regression analysis in all patients and the
FT rate matched cohort.
Results: In the FT rate matched cohort, the
cumulative survival rate was significantly
higher in the mSOR group compared with the
mCON group. Multivariate regression analysis
of the FT rate matched cohort showed the FT
rate and sorafenib to be significant variables for
survival with a hazard ratio (HR) of 2.86
(p\0.001) and 0.42 (p = 0.008), respectively.
Conclusion: Early switching from TACE to sor-
afenib therapy may prolong OS in HCC patients
unresponsive to TACE. The present study indi-
cates that the FT rate is potentially a useful
index in evaluating the outcome for patients at
various stages and treatment regimens.
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Hepatocellular carcinoma (HCC) accounts for
7.5% of all cancers and is the second most
common cause of cancer-related death world-
wide [1]. There is a lack of effective therapy for
the treatment of advanced HCC and many cases
have a poor prognosis. Although there is an
initial beneficial response in patients receiving
surgery, the recurrence rate of HCC after surgery
ranges from 60% to 90% over 5 years [2–4].
Transcatheter arterial chemoembolization
(TACE) is the first-line treatment for interme-
diate stage HCC patients with recurrence or
unresectable HCC [5]. TACE prevents recur-
rence of HCC for up to 6 months after surgery
[6], and shows improved survival [7, 8]. How-
ever, with repeated TACE, therapeutic response
often is diminished [9].
Sorafenib, a molecular-targeted drug, inhi-
bits the Raf/MEK/ERK signaling pathway that
controls tumor cell proliferation and inhibits
neoangiogenesis by blocking VEGF receptors
(VEGFRs) [10]. Phase III randomized controlled
trials showed that patients with advanced HCC
who received sorafenib had significantly pro-
longed overall survival (OS) compared with
those who received placebo [11, 12].
The effects of therapeutic strategies includ-
ing repeated TACE monotherapy, TACE and
sorafenib combination therapy, sorafenib
maintenance therapy after TACE, and switching
therapy from TACE to sorafenib after TACE
refractory in patients with HCC have been
widely reported; however, the results remain
controversial [13–16]. In addition, a number of
meta-analyses of TACE and sorafenib combina-
tion treatment have shown conflicting data
[17–22], indicating the difficulty of evaluating
HCC treatment.
We previously reported that the therapeutic
strategy of early switching to sorafenib with
TACE as a maintenance therapy prolonged
progression-free survival (PFS) compared with
repeated conventional TACE monotherapy in
HCC patients unresponsive to TACE [23, 24]. In
the present study, we employed an index
obtained by dividing the total number of
radiofrequency ablation (RFA), TACE, and
transcatheter arterial infusion (TAI) procedures
by the years of survival to evaluate the efficacy
of repeated TACE monotherapy and early




Patients treated with curative radiofrequency
ablation (RFA) against primaryHCC from January
2000 to December 2015 were selected and retro-
spectively evaluated. Sorafenib was approved for
the indicationofHCCin2008 in Japan.This study
aimed to evaluate the effect of the change in the
therapeutic strategy for HCC before and after
approval of sorafenib in Japan. Intermediate/ad-
vanced stage HCC patients whose treatment had
been switched from TACE to sorafenib with
maintenance therapy of TACE after being found
unresponsive to TACE were designated the sor-
afenib (SOR) group; those treated with repeated
TACE monotherapy alone were designated the
control (CON) group.We compared theOS of the
SOR group with that of the CON group. The
diagnosis of HCC was based on typical findings
from imaging such as arterial hyperattenuation
and portal hypoattenuation from dynamic con-
trast-enhanced CT or gadolinium-ethoxyben-
zyl-diethylenetriamine pentaacetic acid
(Gd-EOB-DTPA) MRI.
All procedures followed were in accordance
with the ethical standards of the responsible
committee on human experimentation (insti-
tutional and national) and with the 2013
revised Helsinki Declaration of 1964. Informed
consent was obtained from all patients included
in the study.
Methods
FT Rate and Survival
The frequency of treatments per year (FT rate)
was determined by dividing the total number of
RFA and TACE/TAI procedures undergone by
the years of survival. To evaluate the relation-
ship between FT rate and survival, the CON
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group was divided into four subgroups accord-
ing to FT rate as follows: group A,\0.5; group B,
C0.5–\1.0; group C, C1.0–\2.0; and group D,
C2.0. Cumulative survival rates were estimated
for every subgroup using the Kaplan–Meier
method. To evaluate factors influencing sur-
vival other than sorafenib, univariate and mul-
tivariate Cox proportional hazard regression
analyses were conducted in the CON group. The
following were considered to be independent
variables in the hazard model: age, gender,
number of RFA, TACE, and TAI procedures
undergone, HCV-Ab, albumin, total bilirubin,
ALT, PT activity, platelet count, alpha-fetopro-
tein (AFP), des-c-carboxy prothrombin (DCP),
tumor count, tumor diameter, and FT rate.
Effect of Sorafenib on Survival
To evaluate the effect of sorafenib on survival,
we used propensity scoring to extract an FT
rate matched cohort. The propensity score was
calculated using the FT rate, and the FT rate
matched one-to-one cohorts consisting of SOR
patients (mSOR group) and CON patients
(mCON group) were determined. The cumu-
lative survival rate was evaluated using the
Kaplan–Meier method, and 5- and 10-year
survival rates were compared for both SOR vs.
CON and mSOR vs. mCON. Factors influenc-
ing survival were evaluated using univariate
and multivariate Cox proportional hazard
regression analysis of the FT rate matched
cohorts. Univariate analysis was performed
using the following independent variables:
age, gender, sorafenib administration, FT rate,
tumor count, tumor diameter, albumin, total
bilirubin, PT activity, AFP, and platelet count.
Sorafenib was administered to TACE-unre-
sponsive patients diagnosed with progressive
disease (PD) twice in a row 1 or 2 months after
TACE. The starting dose of sorafenib was
400 mg/day and, in principle, the daily dose
was increased up to 800 mg/day according to
patient acceptability. In the SOR group, TACE
or TAI was performed as a maintenance ther-
apy according to response of tumor. PD was
defined according to the modified response
evaluation criteria in solid tumors (mRECIST)
[25].
Patient Background and Treatment
Patient background information included the
following: age, gender, median OS, number of
RFA/TACE/TAI procedures, HCV-Ab, excessive
alcohol intake, Child–Pugh classification,
albumin, total bilirubin, ALT, PT activity, pla-
telet count, AFP, DCP, tumor count, and tumor
diameter. For the SOR group, dose, treatment
duration period, and adverse events (AEs) were
collected. A dose of sorafenib that was con-
tinued for more than 1 month was defined as
the maintenance dose. AEs were determined
according to Common Terminology Criteria
for Adverse Events (CTCAEs) version 4.0. TACE
procedure had been performed using the Sel-
dinger technique with specific procedures.
After routine preoperative preparation, a 5-Fr
catheter was inserted into the celiac trunk,
hepatic artery, or superior mesenteric artery
through the femoral artery on the basis of the
tumor arterial blood supply confirmed by
arteriography. With fluoroscopy guidance, the
tip of the catheter was inserted into the
super-selected tumor-feeding branches with the
help of a guidewire. After the position of the
catheter was confirmed by fluoroscopy, the
target vessel was embolized with an emulsion
of mixed mitomycin (2–10 mg) and doxoru-
bicin (10–40 mg) with lipiodol (2–20 mL). If
necessary, a gelatin sponge or polyvinyl alco-
hol particles were injected to embolize
tumor-feeding arterioles.
Statistics
Descriptive statistics were expressed as per-
centage, median (interquartile range), and
mean ± SD. Factors influencing survival were
evaluated using Cox proportional hazard
model, and multivariate analysis was per-
formed using significant variables in the uni-
variate analysis. Survival was censored at
December 31, 2015. The cumulative survival
rate was estimated using the Kaplan–Meier
method of comparing values with a log-rank
test. Five- and 10-year survival rates were esti-
mated using a log-normal distributed regres-
sion model applied to the probability
distribution of OS. ANOVA, Chi square test,
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and Fisher’s exact test were applied to compare
variables between groups. Alpha was set at
0.05; all p values were two-sided. To reduce the
influence of bias, propensity score matching
was utilized to adjust the differences between
groups. The propensity score was estimated by
employing a logistic regression model with
exposure or not to sorafenib as the dependent
variable, and the FT rate was defined as an
independent variable. A nearest available
neighbor-matched analysis on the basis of the
estimated propensity score of each patient was
one-to-one matched. Statistics were generated




Baseline patient characteristics in the SOR
group, the CON group, and the CON sub-
groups are shown in Table 1. The SOR group
showed a lower median age and more RFA/
TACE/TAI procedures than the CON group.
Among the subgroups, significant differences
were found in median OS, numbers of RFA/
TACE/TAI procedures, proportions of
Child–Pugh class B or C, albumin, total
bilirubin, PT activity, platelet count, and
tumor count. Among the subgroups, median
OS decreased as FT rate increased. The SOR
group showed relatively longer median OS
for their FT rate.
FT Rate and OS
Significant differences were found in the
cumulative survival rates among subgroups A
to D (Fig. 1). Among the subgroups, survival
curves showed that the cumulative survival
rate decreased as the FT rate increased. Table 2
shows factors influencing survival in the CON
group. The multivariate analysis identified the
number of RFAs (HR 0.56, p\0.01), TACEs/
TAIs (HR 0.85, p\0.01), and an FT rate of C1.0
(HR 30.3, p\0.01) as influential variables for
OS.
Sorafenib and OS
Table 3 shows patient characteristics of the FT
rate matched cohort. Significant differences
were found in gender, number of RFA proce-
dures, number of RFA/TACE/TAI procedures,
albumin, and AFP between the mSOR and
mCON groups. There were more RFA and RFA/
TACE/TAI procedures in mSOR compared with
the mCON group. Figure 2 shows the cumula-
tive survival rates for all patients and the FT rate
matched cohort. No significant differences were
found in the cumulative survival rate between
the SOR and CON groups (p = 0.71) (Fig. 2a).
However, there were significant differences in
the cumulative survival rates between the
mSOR and mCON groups (p = 0.005) (Fig. 2b).
The estimated 5-year survival rates were 57.6%
and 28.8% in the mSOR and mCON groups,
respectively, and 10-year survival rates were
19.0% and 5.2%, respectively. Table 4 shows the
factors influencing OS in the FT rate matched
cohort. As a result of univariate analysis, gen-
der, age, sorafenib, FT rate, and platelet count
were found to be significant variables. Multi-
variate analysis identified that sorafenib (HR
0.42, p = 0.008) and FT rate (HR 2.86, p\0.001)
were significantly associated with OS.
Sorafenib Dose Modification and AEs
Median (interquartile range) and minimum and
maximum administration periods of sorafenib
were 373 (83–656) and 10 and 1752 days,
respectively. Percentage and number of patients
according to maintenance daily dose of sor-
afenib were as follows: 200 mg, 10.8% (n = 4);
400 mg, 59.5% (n = 22); 600 mg, 18.9% (n = 7);
800 mg: 10.8% (n = 4). A total of 24 patients
(64.9%) discontinued sorafenib treatment. Rea-
sons for discontinuation were disease progres-
sion (n = 22) and AEs (n = 2); hepatic
dysfunction (n = 1) and palpitation (n = 1). The
percentage of patients with a maintenance daily
dose of sorafenib C400 mg/day was 89.2%.
Drug-related AEs were found in all patients.
The most common drug-related AEs were
hand-foot syndrome (32.4%) followed by diar-








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































diagnosed with grade C3 hepatic disorders dis-
continued sorafenib treatment. The events with
the highest CTCAE grade and the number of
patients were as follows: hand-foot syndrome
(grade 2, n = 6; grade 1, n = 6), hypertension
(grade 2, n = 3), malaise (grade 1, n = 5), diar-
rhea (grade 2, n = 3; grade 1, n = 3), hepatic
disorders (grade 4, n = 1; grade 3, n = 1; grade 2,
n = 1), others (n = 8). Percentage of drug-related
AEs by grade were as follows: grade 1, 45.9%
(n = 17); grade 2, 48.6% (n = 18); grade 3, 2.7%
(n = 1); and grade 4, 2.7% (n = 1).
DISCUSSION
We retrospectively compared the OS from
repeated TACE monotherapy with early
switching therapy from TACE to sorafenib in
patients unresponsive to TACE with intermedi-
ate/advanced stage HCC. The cumulative sur-
vival rate decreased as the FT rate increased in
the CON group, which consisted of patients
treated with repeated TACE monotherapy
before clinical application of sorafenib.
Although no significant difference was found in
OS between the SOR and CON group, the mSOR
group showed significantly longer OS compared
with the mCON group in the FT rate matched
cohort.
The results of the present study indicate that
repeated TACE/TAI therapy contributes to pro-













































































































































































































































Fig. 1 Cumulative survival rates for CON subgroups
A–D
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analysis showed that repeated TACE/TAI ther-
apy was a significant poor prognostic factor.
However, multivariate analysis showed that it
significantly contributed to better survival,
indicating that there were two types of clinical
courses in patients with repeated TACE/TAI
therapy. One is repeated TACE/TAI under poor
response to the therapy due to the rapid pro-
gress of HCC; the other is effectively repeated
TACE/TAI to control the condition of the dis-
ease. Multivariate analysis of the adjusted
influential factors including FT rate revealed the
efficacy of TACE/TAI on survival, indicating the
difficulty of evaluating HCC treatment. These
results can be interpreted to conclude that
TACE/TAI is an effective therapy if delivered to
appropriate cases.
The SOR group had received more RFA and
TACE/TAI procedures and showed a higher FT
rate compared with the CON group. The FT rate
of the SOR group compared with CON sub-
groups shows that it lies midway between the C
and D groups (Table 1). Median survival of the
SOR group was longer than that of the C group,
even though the FT rate of the SOR group was
higher than that in C group, indicating that
sorafenib might contribute to maintain a con-
dition acceptable for receiving treatment in
patients with intermediate/advanced stage
HCC. The FT rate was strongly associated with
the survival, and the HR (95% CI) for death was
30.3 (16.7–55.6) in patients with an FT rate of
C1.0. The survival was affected by various con-
ditions including tumor progression,
Table 2 Factors inﬂuencing survival in CON group
Variables Hazard ratio [95% CI]
Unadjusted p Adjusted p
Age (/years old) 1.01 [0.99–1.03] 0.25 –
Gender (male) 1.10 [0.78–1.55] 0.58 –
RFAsa (/procedure) 0.79 [0.70–0.88] \0.01 0.56 [0.49–0.64] \0.01
TACEsb/TAIsc (/procedure) 1.07 [1.02–1.12] 0.02 0.85 [0.78–0.92] \0.01
FT rated C1.0 6.85 [4.50–10.4] \0.01 30.3 [16.7–55.6] \0.01
HCV-Ab (?) 1.33 [0.88–2.01] 0.75 –
Albumin (/1.0 g/dL) 0.45 [0.34–0.59] \0.01 0.71 [0.49–1.05] 0.08
Total bilirubin (/1.0 mg/dL) 1.82 [1.41–2.36] \0.01 1.33 [0.92–1.93] 0.13
ALT (/10 IU/mL) 1.00 [0.99–1.02] 0.21 –
PT activity (/1%) 0.98 [0.97–0.99] \0.01 0.99 [0.97–1.00] 0.11
Platelet count (/103/lL) 0.93 [0.90–0.97] \0.01 1.01 [0.98–1.04] 0.40
AFPe (/10 ng/mL) 1.01 [1.00–1.03] 0.02 1.00 [0.99–1.01] 0.42
DCPf (/10 mAU/mL) 1.01 [1.00–1.03] 0.02 1.00 [0.99–1.01] 0.46
Tumor count (/1 tumor) 1.10 [0.98–1.24] 0.11 –
Tumor diameter (/1 mm) 1.00 [0.98–1.02] 0.84 –
a Radiofrequency ablation
b Transcatheter arterial chemoembolization
c Transcatheter arterial infusion




malignancy grade, and therapeutic situation.
We consider the FT rate to be an index that
reflects these conditions. The evaluation of the
FT rate matched cohort shows the efficacy of
sorafenib therapy on OS as a result of adjust-
ment of these factors. Kudo et al. reported that
there was no difference in OS between sorafenib
and placebo in 458 unresectable HCC patients
who responded to TACE [15]. In addition, Len-
cioni et al. reported that there was no difference
in OS between treatment with sorafenib or
placebo plus TACE with doxorubicin-eluting
beads in 307 intermediate stage HCC patients
[16]. On the other hand, Bai et al. reported that
sorafenib plus TACE therapy significantly pro-
longed OS compared with TACE monotherapy
in unresectable HCC patients in the cohort with
propensity scores matched for age, gender,
hepatitis virus, tumor metastasis, treatment
history, BCLC stage, Child–Pugh class, ECOG
performance status, and ascites [26]. Our find-
ings indicate that various factors, other than the
therapy drugs, strongly affected outcome
including OS in patients with HCC. Consider-
ing the above, the FT rate may be useful in
evaluating the outcome of specific treatments
in a population of patients at various stages and
receiving different treatments.
Table 3 Patient characteristics in FT rate matched cohort
mSOR (n5 35) mCON (n5 35) p
Age (years old), median [IQR]a 65.5 [61.7, 71.5] 68.1 [59.3, 75.3] 0.47
Gender (male), n (%) 29 (82.9%) 21 (60.0%) 0.034
FT rateb, median [IQR] 1.90 [1.49, 2.30] 1.91 [1.48, 2.30] 0.99
RFAsc, mean ± SD 4.74 ± 2.72 2.83 ± 1.60 \0.001
TACEsd/TAIse, mean ± SD 3.37 ± 2.99 2.34 ± 2.88 0.14
RFAs/TACEs/TAIs, mean ± SD 8.80 ± 4.37 5.97 ± 3.71 0.004
HCV?, n (%) 24 (68.6%) 28 (80.0%) 0.27
Child-Pugh class (B/C), n (%) 10 (28.6%) 14 (40.0%) 0.31
Albumin (g/dL), median [IQR] 3.8 [3.4, 4.2] 3.6 [3.2, 3.9] 0.016
Total-bilirubin (mg/dL), median [IQR]) 1.0 [0.7, 1.3] 1.0 [0.7, 1.5] 0.57
ALT (IU/mL), median [IQR] 54 [36, 79] 54 [34, 96] 0.80
PT activity (%), median [IQR] 74.3 [65.7, 80.6] 71.2 [64.3, 76.9] 0.54
Platelet count (9103/lL), median [IQR] 9.7 [7.3, 14.1] 8.3 [6.5, 10.6] 0.094
AFPf (ng/mL), median [IQR] 17.0 [8.0, 78.5] 73.4 [18.4, 256.0] 0.030
DCPg (mAU/mL), median [IQR] 33 [21, 292] 38 [22, 132] 0.98
Tumor count, mean ± SD 1.68 ± 0.90 1.86 ± 1.12 0.48
Tumor diameter (mm), mean ± SD 25.9 ± 9.4 26.9 ± 11.7 0.67
a Interquartile range
b Frequency of RFAs/TACEs/TAIs treatment per year
c Number of radiofrequency ablation
d Number of transcatheter arterial chemoembolization




In the FT rate matched cohort, the numbers
of RFA and RFA/TACE/TAI treatments were sig-
nificantly higher in the mSOR group compared
with the mCON group. In theory, FT rates being
equal, more TACE/TAI procedures correspond
to a longer survival period. The numbers of
TACE/TAI treatments were higher in the SOR
group compared with the CON group. Reported
side effects of TACE are increased vascular
endothelial growth factor (VEGF) expression
and increased possibility of the recurrence of
HCC [27]. Sorafenib inhibits neoangiogenesis
by blocking VEGF receptors [10]. Zhang et al.
reported the possibility that sorafenib reduces
the side effects of TACE via pharmacological
action thorough the VEGF receptor 2 pathway
[28]. These findings indicate that sorafenib
suppresses tumor growth and maintains a con-
dition that can be treated by TACE/TAI.
However, both Kudo et al. and Lencioni et al.
reported that sorafenib did not contribute to OS
from maintenance therapy after TACE or com-
bination therapy with TACE. In Kudo’s study,
sorafenib was started at 9 weeks or later after
TACE in over 50% of patients and sorafenib-
treated patients required dose reductions (73%)
and/or interruptions (91%) [15]. In Lencioni’s
Fig. 2 Cumulative survival rates for a SOR vs. CON and
b mSOR vs. mCON
Table 4 Factors inﬂuencing survival in FT rate matched cohort
Variables Hazard ratio [95% CI]
Unadjusted p Adjusted p
Gender (male) 0.46 [0.25–0.8] 0.012 0.96 [0.47–2.00] 0.90
Age (/years old) 1.04 [1.00–1.0] 0.037 1.03 [0.99–1.0] 0.14
Sorafenib 0.44 [0.24–0.8] 0.006 0.42 [0.22–0.8] 0.008
FT ratea (/1.0) 3.34 [1.95–5.8] \0.001 2.86 [1.61–5.2] \0.001
Tumor diameter (/1 mm) 1.00 [0.97–1.0] 0.83 – –
Tumor count (/1 tumor) 1.08 [0.79–1.4] 0.59 – –
Total bilirubin (/1 mg/dL) 1.19 [0.65–2.0] 0.55 – –
PT activity (/1%) 0.98 [0.96–1.0] 0.058 – –
Albumin (/1 g/dL) 0.14 [0.99–1.0] 0.076 – –
AFPb (/1 ng/mL) 0.61 [0.36–1.0] 0.061 – –
Platelet count (/103/lL) 0.92 [0.87–0.9] 0.011 0.95 [0.89–1.0] 0.10
a Frequency of RFAs/TACEs/TAIs treatment per year
b Alpha-fetoprotein
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study, the median daily dose of sorafenib was
approximately 70% of the planned dose and
AEs were the principal reason for dose modifi-
cation [16]. In the present study, although AEs
were found in all 37 patients treated with sor-
afenib, only two patients discontinued sor-
afenib as a result of AEs. The median treatment
duration period of sorafenib was 373 days, with
a maintenance of 400 mg/day or more in 89.2%
of the patients. Hiramine et al. reported that the
survival rate in patients with unresectable HCC
patients significantly declined in cases with a
sorafenib duration period of less than 60 days
[29]. Although continuous administration of
sorafenib improves the survival in HCC
patients, AEs might obstruct its duration. The
results from analysis of the FT rate matched
cohort in this study show that sorafenib treat-
ment significantly contributed to OS with an
HR (95% CI) of 0.42 (0.22–0.80). The duration
of the treatment period and dosing of sorafenib
might be one of the reasons for this result.
This study has a several limitations. First, this
is a retrospective analysis and thus it is impos-
sible to eliminate all bias and confounding
factors. Second, the FT rate does not reflect the
treatment interval, which may fluctuate with
state of disease. Third, the FT rate was deter-
mined using the total number of treatments of
RFA, which is a curative treatment applied to
early stage HCC, and TACE, which is not a
curative treatment applied to intermediate stage
HCC. Fourth, the term of survival was calcu-
lated with HCC diagnosis as the starting point
and was not calculated from diagnosis to loss of
response to TACE. Fifth, the propensity score
was calculated using only the FT rate, without
considering other factors. Therefore, this study
should be interpreted as the proof of concept for
the FT rate.
CONCLUSION
For those patients not expected to have long-
term survival from repeated TACE monother-
apy, early switching to sorafenib from TACE
may prolong OS. The present study indicates
that the FT rate is a useful index in evaluating
the outcome in patients at various stages of
disease and receiving various treatment
regimens.
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